Background and Purpose: The relation between the redistribution phenomenon and regional cerebral blood flow and its clinical significance were investigated in stroke patients.
A mong the most recent radiopharmaceuticals for single-photon emission computed tomography (SPECT), N-isopropyl-p-[l2I]iodoamphetamine ([13I]IMP) has been particularly advantageous. It was selected as a tracer for the measurement of regional cerebral blood flow (rCBF) by Winchell et al. 12 This agent crosses the blood-brain barrier and has high first-pass extraction and long retention in brain tissue. This retention may be related to nonspecific amine-binding sites.'
The initial [1231] IMP SPECT image during the first 10 to 30 minutes (early image) represents the distribution of rCBF. 3 Kuhl and coworkers4 reported the quantitative measurement of rCBF with this radiotracer using a microsphere model and a Mark IV scanner. These values of rCBF were in good agreement with those obtained by the 133Xe three-dimensional method5 and the 150-water positron emission tomography method. 6 Redistribution is related to the "filling-in" phenomenon.78 This concept is explained as follows: when a low-perfusion area is observed as an area of decreased activity of the radiotracer on an early image, the activity gradually increases and the low perfusion disappears on a delayed image obtained 3 to 5 hours after [13I]IMP injection. The phenomenon is assumed to reflect metabolic activity in viable cerebral tissue and to indicate a good clinical outcome in patients with cerebrovascular diseases. 9 The clinical and pathophysiological significance of this phenomenon, however, has been the subject of controversy in the literature. 10, 11 In the present study we The reproducibility of this measurement was confirmed by performing this study twice on 5 of 16 patients and 2 of 8 normal control subjects, with a 7-day interval between studies. To keep the conditions of the two studies the same, patients were laid on a bed in a dark, quiet room for 30 minutes with earplugs before the study, and Paco2 was checked at the time ['231]IMP was injected.
When measuring the rCBF of the normal control subjects, we selected 15 x 15-mm square regions of interest (ROIs) on the transaxial slice computer images. Three ROTs were placed in the frontal cortex of each hemisphere, two in the temporal cortex, one in the basal ganglia, and one in the occipital cortex. On the slice that included the centrum semiovale, two ROIs were placed in the parietal cortex of each hemisphere. On the slice 18 to 24 mm above the orbitomeatal line, an ROI was placed in each of the bilateral cerebellar hemispheres. Anatomic identification of each position was made by superimposing the SPECT films on the X-CT films. rCBF in each region was calculated as the mean of rCBF on the right and left sides.
In the nine patients whose hypodense areas of infarction were larger than 3 x 3 cm on X-CT, the same-sized square ROTs were placed on three different areas of the SPECT image on the computer (Fig 1) . One was selected on an infarct area that was revealed as a severe filling defect of tracer activity on SPECT images and that corresponded to a hypodense area on X-CT. Since infarct areas were usually surrounded with low-perfusion areas on SPECT, another ROI was placed on the peri-infarct area, in which moderately decreased tracer activity was observed, although the density was almost normal on X-CT. The third ROI was placed in the normal hemisphere on the symmetrically opposite side of the infarct area, where both the tracer activity on method and the microsphere model as follows4:
SPECT and density on X-CT were completely normal. and single-photon emission computed tomography (SPECT) in a 52-year-old woman with chronic infarction. Contrast-enhanced CT (left) revealed lowdensity areas in the middle cerebral artery territory. Three regions of interest were placed on the infarct area (1), peri-infarct area (2) , and normal area (3) of the early SPECT image (middle). Regional cerebral blood flow in the infarct and peri-infarct areas was 16 to 18 mL/100 gper minute and 25 to 40 mL/100 g per minute, respectively. Prominent redistribution was observed in the peri-infarct area on the delayed SPECT image (right).
Although a small infarct on X-CT was difficult to observe as a filling defect with SPECT, we could usually observe it as an area of moderately low perfusion around the actual infarct lesion. In the seven patients with small infarct lesions that were shown as the lowperfusion areas, 3x3 -cm square ROIs were placed on two different areas on the computer. One was placed on the low-perfusion area, which was categorized as a peri-infarct area. The other was placed on the normal area, the same as above.
To Fig 3 presents the mean rCBF of the three regions in the patient population. rCBF of the infarct area was 13.4±4.5 mL/100 g per minute (mean±SD); the periinfarct area, 31.9±6.5 mL/100 g per minute; and the normal area on the opposite side of the infarct, 49.2±9.7 mL/100 g per minute. Fig 4 illustrates the results of the relation between rCBF and the RD rate.
When rCBF was below 20 mL/100 g per minute, the RD rate was less than 50% and redistribution was minimally present. If rCBF was between 20 and 40 mL/100 g per minute, the rate exceeded 50% and redistribution became prominent. When rCBF was more than 40 mL/100 g per minute, the RD rate tended to decrease. The patient shown in Fig 1 shows prominent SPECT, low-perfusion areas were observed in the left middle and inferior frontal gyri (Broca's area) and left temporal cortex, the rCBF of which was 26 to 33 mL/100 g per minute, and marked redistribution was revealed on the delayed image. After the bypass surgery, rCBF in the area increased to 31 to 40 (+19%) mL/100 g per minute.
Discussion Redistribution is one of the phenomena that is judged by comparing an early image and a delayed image. Evaluation is usually done visually, and its importance in determining the patient's ultimate prognosis is still controversial. We have expanded on the qualitative method of Raynaud et al10 and obtained absolute values for the [12"I1IMP RD rate with SPECT. The strength of the present study is that the RD rates were measured from exactly the same area as those used for rCBF measurement. This made it possible to precisely analyze the relation between changes in rCBF and the redistribution phenomenon in ischemic lesions.
A chronic infarct defined by a hypodense lesion on X-CT is shown as an area of low activity on early ["'l2uIMP SPECT and can be differentiated into two abnormal zones. First, the infarct area corresponding to the hypodense area on X-CT was characterized by a severe decrease in IMP tracer uptake and rCBF ranging from 9 to 20 mL/100 g per minute in our study. The current concept regarding stroke is that the critical ischemic threshold of CBF is 10 to 20 mL/100 g per minute," and lethal failure with membrane damage occurs at approximately 10 mL/100 g per minute. The irreversible changes associated with this lethal failure are seen as a hypodense area on X-CT.12-14 rCBF of the infarct area in the present study may correspond to that of the ischemic threshold, and no corresponding redistribution phenomenon was observed in the delayed SPECT images. The other abnormal zone was the peri-infarct area, characterized by a moderate decrease in tracer uptake and rCBF ranging from 22 to 40 mL/100
Delayed SPECT Bypass Surgery FIG 6. Computed tomography (two left panels) and single-photon emission computed tomography (SPECT) in a 57-year-old man with small lacunar lesions. SPECT images before (four middle panels) and after (two right panels) bypass surgery show an increase of regional cerebral blood flow in the left middle cerebral artery territory (arrows). In this area, prominent redistribution was observed on the delayed SPECT image. g per minute, the area of which extended around the infarct core and showed normal density on X-CT. The common view is that old infarcts are surrounded with a wide zone of low blood flow and metabolism'5,16 and are not seen by X-CT.17 In our study, the peri-infarct area corresponded with this zone, in which we found marked redistribution of the tracer on delayed SPECT images. The redistribution in the peri-infarct area became obscured when blood flow increased to the normal value. Thus, it appears that redistribution has its basis in the low blood flow in ischemic lesions.
Although the infarcts are sharply demarcated macroscopically, there are two opinions as to the histopathological findings of the peri-infarct area on X-CT. One is that there is massive neuronal loss and damage to affected fibers surrounding the infarcts, which causes functional inactivation. '5,17 The other suggests that intact neurons surround the infarcts and low blood flow and metabolism result from neuronal disconnection. '6 In our study of five patients, in which SPECT studies before and after bypass surgery were compared, rCBF was increased by 22% in the peri-infarct area after the procedure. Moreover, in two patients who showed distinct redistribution in Broca's area, motor aphasia and hemiparesis improved after anastomosis. Although lesions that cause motor aphasia may involve areas besides Broca's, involvement with that region plays an important role in motor aphasia. '8-20 Redistribution may be closely associated with a patient's good clinical outcome.9 These data suggest that redistribution might be related to neuronal disconnection or diaschisis rather than neuronal loss.
SPECT with [1231]IMP has been used for the diagnosis of not only cerebrovascular diseases but also dementia, Alzheimer's disease, seizure,21 and herpes simplex virus encephalitis. 22 However, in most of these reports, the quantitative measurement of rCBF was not applied.
When we consider the dynamic state of the patient, SPECT images without rCBF are certainly useful, and those with absolute values of rCBF are clinically more useful, because such values accurately indicate metabolic changes in the brain. When we measured the rCBF of normal subjects by the microsphere model with a dual-head rotating gamma camera, the absolute values of mean CBF were 57.5 ± 1.4 and 24.6±3.5 mL/100 g per minute for gray and white matter, respectively, with a ratio of gray matter to white matter of 2.34 and a global flow value of 52.7±5.0 mL/100 g per minute. The global flow value agrees well with those of 47.2+5.4 mL/100 g per minute reported by Kuhl et al,4 47.0±2.9 mL/100 g per minute by Greenberg et al,6 and 68 mL/100 g per minute by Podreka et al.23 When using the dual-head rotating gamma camera for SPECT, we encountered the problem of resolution. Hence, when the infarct areas were analyzed in our study, patients who had relatively large hypodense areas on X-CT were selected. The resolution problem, however, might not be negligible when smaller infarcts are considered. Further studies of the relation between the redistribution phenomenon, histopathological findings, and prognosis of ischemic patients using a high-resolution SPECT technique, such as a ring-type SPECT detector, are indicated to resolve these issues.
rCBF measurement with ['231 ]IMP SPECT using the microsphere model might be a useful technique to assess patients with ischemic cerebrovascular diseases. We believe that redistribution on delayed SPECT imaging is based on the low blood flow of reversible Early SPECT ischemic lesions. Evaluation of the redistribution phenomenon may play an important role in establishing the prognosis and evaluating the efficacy of therapy in stroke patients.
